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(54) Spread spectrum dock generator 

(57) A clock circuit includes a clock pulse generator 
(22-32) for generating a series of clock pulses, and a 
spread spectrum modulator (36-42) for frequency mod- 
ulating the clock pulse signal from the clock pulse gen- 
erator (22-32) to broaden and flatten amplitudes of EMI 
spectral components at harmonics of the fundamental 
frequency of the clock pulse signal which would other- 
wise be produced by the clock pulse generator. The 
spread spectrum modulator (36-42) frequency modu- 
lates the clock pulses with specific profiles of frequency 
deviation versus the period of the profile. The clock gen- 
erator circuits are digital and may be reset to a starting 
condition to synchronize the spread spectrum clock, 
e.g. counter 40 may be reset. For a laser printhead, the 
clock circuit is synchronized with a start-of-sweep sig- 
nal, so that printing is not degraded. 
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Description 

The present invention relates to the field of digital circuits, and, more particularly, to a clock circuit having reduced 
measurable electromagnetic interference (EMI) emissions. euuwsu 
5 Many electronic devices employ microprocessors or other digital circuits which require one or more clock signals 

for synchron,zat.on. A clock signal permits the precise timing of events in the microprocessor, for example Typical 
^microprocessors may be supervised or synchronized by a free-running oscillator, such as driven by a crystal' an LC- 
tuned c.rcu.t or an external clock source. Clocking rates up to and beyond 40 MHz are common in personal computers 

to ITJ!^ T* 3 S 'f? al tyPiCa " y SP6Cified f0r 3 micro P r <*essor and may include minimum and maximum 
io allowable dock frequences, tolerances on the high and low voltage levels, maximum rise and fall times on the waveform 
edges. pulse-width tolerance if the waveform is not a square wave, and the timing relationship between clock phases if 
two-clock phase s.gnals are needed. (See Electronics Engineers' Handbook, by Fink etal.,p 8-111 1989) 

Unfortunately. h.gh performance, microprocessor-based devices using leading edge, high speed 'circuits are partic- 
u.arly suscept.ble to generating and radiating electromagnetic interference (EMI). The spectralcomponents of toe EMI 
»5 em,ss,ons yp.cally have peak amplitudes at harmonics of the fundamental frequency of the clock circuit Accordingly 
many regulatory agencies, such as the FCC in the United States, have established testing procedures and maximum 
allowable emissions for such products. For example, the Commission Electrotechnique International (Comite Intern" 
^tSn T ? r t tU * at !° nS R a*oelectriques (C...S.P.R.)) has guidelines establishing measurement equipment 
and techniques for determining comphance with regulations. More particularly, for the frequency band of interest to 
so clock circuits, the measured 6 dB bandwidth is a relatively wide 120 kHz. 

In order to comply with such government limits on EMI emissions, costly suppression measures or extensive 
sh, Wing may be required. Other approaches for reducing EMI include careful routing of signal traces on printed circuit 
boards to m.n.m.ze loops and other potentially radiating structures. Unfortunately, such an approach often leads to more 
e^ens.vemult,layerc.rcurt boards with internal ground planes. In addition, greater engineering effort must go into 
reducing EMI emissions. The drff.curt.es caused by EMI emissions are made worse at higher processor and clock 

In certain applications it is necessary to precisely synchronise the period of one clock with that of another Accord- 
ingly, prec.se control of the modulation of a clock signal can be significant. In the present invention digital spread spec- 
trum modulation circuits are preferably used. These circuits are synchronized by resetting a counter whichcontrols the 
! 1 SP'ffd spectrum clock implementations employing a voltage controlled oscillator but not digital control are dis- 
closed in US-A-4.507.796 to Stumfall. Digital control circuits of some similarity, nol for spread spectrum clock c^ntrd 

US JTSKS I A 3 ' 764 nV> ™ Cher 6t al> US - A - 3 " 962 - 6 53 to Basset US-A-4.943.786^o CordweS etS and' 
US-A-5.028.887 to G.lmore. Digital FM communication circuits of some similarity are disclosed in US-A-5 272 454 to 
Ikai et al US-A-S.301 .367 to Heinonen. and US-A-5,329,253 to Ichihara. 

EP-A-0655829 also in the name of the present applicant, discloses a digital implementation, not shown in the 
drawmgs. that has data digitally stored which is applied to an adder and accumulated. The output of the accumulator is 
one input to a phase detector of a phase locked loop, the other input being a divided feedback from the output of the 
voltage controlled oscillator of the phase locked loop. The output of that oscillator is divided and used as the spread 
spectrum clock signal. No disclosed embodiment of the present invention employs an adder or accumulator 

in v.ew of the foregoing background, it is therefore an object of the present invention to provide a clock circuit and 
associated method for generating a clock signal, such as for driving a microprocessor or other digital circuit at relatively 
h.gh^equenc,es. while reducing the spectral amplitude of EMI components as measured over a relatively large band- 

Th.s and other objects, features, and advantages of the present invention are provided by a clock circuit including 
an oscillator for generating a reference frequency signal, and spread spectrum clock generating means for generating 
a spread spectrum clock output signal having a fundamental or centre frequency and reduced amplitude EMI soectral 
components at harmonics of the fundamental frequency. More particularly, the spread spectrum clock generating 
means preferably .ncludes clock pulse generating means for generating a series of clock pulses, and spread spectrum 
modulating means for modulating the clock pulse generating means to broaden and flatten amplitudes of EMI spectral 
components which would otherwise be produced by the clock pulse generating means. A starting point in such modu- 
lation is precisely controllable to facilitate synchronization. 

The clock pulse generating means, if unmodulated, would typically produce generally rectangular or trapezoidal 
e ectncal pulses wh.ch. ,n turn^would generate corresponding impulse-shaped EMI spectral components at harmonics 
!^T ( 'ST* The ,f pread spectrum modulating means reduces the peak amplitude of the EMI spectral 
components that would otherwise be produced. Accordingly, expensive shielding or other EMI suppression techniques 
may be reduced or eliminated in an electronic device including the spread spectrum clock generating circuit o? the 
present invention. As would be readily understood by those skilled in the art. the spread spectrum clock generating dr 
curt may find wide apphcat.on in a number of electronic devices, particularly those including a microprocessor or micro- 
controller, such as a personal computer. wew>ui ol m , C ro- 
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The spread spectrum modulating means preferably includes frequency modulating means for frequency modulat- 
ing the clock pulse generating means. The frequency modulating means, in turn, preferably includes profile modulating 
means for frequency modulating the clock pulse generating means with a periodic waveform having a predetermined 
period and a predetermined frequency deviation profile as a function of the predetermined period. Several preferred or 
5 effective ranges for such modulating periodic waveforms are described later herein. In general, the preferred waveforms 
are more complicated than a simple sine wave in order to thereby reduce the spectral peak of EMI components by 
broadening and flattening their shape. 

The clock pulse generating means preferably includes a phase locked loop as is commonly used in a conventional 
clock generating circuit. The frequency modulation means may be implemented by a programmable modulating gener- 
io ator which can produce a predetermined profile for the frequency deviation. In addition, the frequency modulating 
means is preferably capable of modulating the clock pulse generating means with a periodic waveform having a period 
of less than about 500 microseconds, that is, the frequency of modulation is desirably greater than about 2 kHz. 

Certain embodiments of the present invention will now be described, by way of example only, with reference to the 
accompanying drawings, in which: 

is 

Fig. 1 is a schematic block diagram of a personal computer including a spread spectrum clock generating circuit in 
accordance with an embodiment of the present invention; 

Fig. 2 is a graph illustrating a reduction of peak spectral amplitude of a harmonic of a clock fundamental frequency 
produced by a spread spectrum clock generating circuit in accordance with an embodiment of the present inven- 
20 tion; 

Fig. 3 is a graph illustrating an embodiment of a desired modulation profile for producing a spread spectrum mod- 
ulated clock signal in accordance with the present invention; 

Fig. 4 is a graph illustrating several modulation profile ranges for producing a spread spectrum modulated clock out- 
put signal in accordance with the present invention; 
25 Fig. 5 is a graph illustrating yet another embodiment of a desired modulation profile for producing a spread spec- 

trum modulated clock output signal in accordance with the present invention; 

Fig. 6 is a schematic block diagram illustrating a circuit embodiment for producing a precisely controlled spread 
spectrum modulated clock output signal in accordance with the present invention; 

Fig. 7 is a schematic block diagram illustrating another embodiment for producing a precisely controlled spread 
30 spectrum modulated clock output signal in accordance with the present invention; and 
Fig. 8 is a variation of the circuit of Fig. 7 eliminating one counter. 

Like numbers refer to like elements throughout. 

Referring first to Figs. 1 through 5, an electronic device incorporating a spread spectrum clock generating circuit 

35 and its basic operation are first explained. 

As shown in Fig. 1, an electronic device, such as the schematically illustrated personal computer 10, may benefit 
by having reduced measurable EMI spectral component emissions provided by a spread spectrum clock generator 14 
(SSCG) according to the invention. A reference frequency generator 15, such as a piezoelectric crystal driven at its res- 
onant frequency by a suitable driver or oscillator circuit, provides a reference frequency for the SSCG 1 4. The illustrated 

40 personal computer 10 also includes a display 12 and a keyboard 13. 

As would be readily understood by those of skill in the art, a number of electronic devices incorporating microproc- 
essors or other digital circuits requiring a clock signal for synchronization may also desirably incorporate the SSCG 1 4. 
For example, computer printers may also desirably include the SSCG 14. 

The SSCG 1 4 generates the spread spectrum output clock signal by frequency modulating a typical clock signal 

45 including a series of trapezoidal or generally rectangularly-shaped electrical clock pulses. The modulation reduces the 
spectral amplitude of the EMI components at each harmonic of the clock when compared to the spectrum of the same 
clocking signal without modulation. Fig.2 is a schematic representation of this effect where the spectral amplitude ver- 
sus frequency at a harmonic (NF) is indicated by the plot labelled M. As also shown, the spectrum at the same harmonic 
of a standard clock signal is given as an impulse function labelled I. The spectrum of the SSCG output clock signal at 

so the same harmonic ideally assumes a trapezoidal shape as illustrated by the plot labelled T 

Although in general the spectral "width" of the spread spectrum output clock signal at a harmonic is greater than 
the width of the standard non-modulated clock signal, the maximum amplitude for the harmonic is reduced. In an actual 
implementation, the amplitude of the spread spectrum modulated harmonic will not be uniform, but will exhibit some 
peaking near the centre frequency and at the edges as illustrated by the plot M. 

55 In order to minimize the amplitude of the signal for all frequencies, the modulation of the standard clock signal must 
be uniquely specified. Accordingly, the SSCG 14 includes profile modulation means for frequency modulating the clock 
pulse generating means with a periodic waveform having a predetermined period and a predetermined frequency devi- 
ation profile as a function of the predetermined period. The modulation profiles described herein produce relatively opti- 
mized flat spectral amplitudes at each harmonic. In general, the preferred profiles are more complicated than a simple 
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sine wave in order to thereby reduce the measurable spectral peaks of the EMI components. Stated in other terms the 
present inventor .converts narrow band harmonics into broadband signals that significantly reduce the measured emis- 
sions for the FCC and other regulatory bodies worldwide. These emission reductions may permit corresponoSg ^ost 
reductions of about $20 or more per product, as compared to the cost of conventional measures to suppress or shS 
Ezivii ©missions. 

Fig. 3 illustrates a typical profile of the frequency deviation versus time as may be used within the SSCG 14 The 
max.mum deviation illustrated is 1 00 kHz. This maximum frequency deviation is desirably programmable via a serial ink 
with an upper m„ of the max,mum deviation being preferably about 250 kHz for typical current applications SSEr 
f^' n i° n ^..fPP 1103 * 0 "- the maximum deviation may be much greater that 250 kHz as would be readily under- 
?ZL y , T e * ' n . the art ' AS W ° U,d be 3130 readily unde *tood by those skilled in the art, a standard non rmS- 
ulated clock signal may be obtained by programming the maximum deviation too " 
a^^S^ ? the „? 9 r al modulatin 9 P f0f ile shown in Fi 9- 3 is 30 kHz. Significant peak amplitude reduction may 
S££ fif h , ™ 6 6 6qU !!: Cy 15 ^ 2 kH2 ' that iS ' Where the period of the modulati "9 waveform or profS 
rtl^nt th , m, ? rOS ^ ™* freqUenCy iS 3,50 desirably P^^mmable via a seriaMink or may be fSced 
depe^ent on the appl.cat.on. The modulating profile illustrated is a linear combination of a standard triangular wave 
and its cubic. The values of the profile are given in TABLE 1 of EP-A-0655829 

In J^I^IT T partiCU ' arly 10 4 ' several P referred ra "9es of profiles of frequency deviation are illustrated. 
XSl, Pr t? S f Pre ^. ed 35 3 P ercente 9 e of deviation versus a percentage of the perS 

(%Per.od) of the penod.c waveform. The outermost range or envelope is illustrated by the dotted lines Celled F, F, in 
» the second quadrant II, that is, between 0% and 25% of the period. Straightforwardly defines the Su^ari 
in the other ind.cated quadrants as described. Accordingly, those of skill in the art may readily implement and °Se Te 
ranges for a desired application. H e me 

rant ^Th^f™-^ T d H ^ n ^ athema «<*»y *V predetermined upper and lower bounds for the second quad- 
rant II. The upper bound F t is defined by 

100%(- 1+ ^{%^^(%^ + . 973 ), 
while the lower bound F 2 is defined by 

50%( % ^^) 10 

F 2 may as Si ows^'* Und6rSt00d by th ° S6 SkiMed in the art the boundaries for the other quadrants defined by F, and 
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35 Quadrant I (-25% to 0% Period) : 

Lower bound = - F^^Period), 
Upper bound = - F 2 (-%Period); 

Quadrant III (25% to 50% Period): 
40 Lower bound = F 2 (50 - %Period), 

Upper bound = F^SO - %Period); 

Quadrant IV (50% to 75% Period): 
Lower bound = -F 1 (%Period - 50) 
45 Upper bound = -F 2 (%Period - 50). 



H^ninT* iS indiCated 6y the daShed ,ines indicated in R 9- 4 - ln ***** this profile 

defined by an upper bound F 3 and a lower bound F 4 . The upper bound F 3 is defined in quadrant II by 

so 100%(^p), 

and the lower bound is defined in quadrant II by 

55 ^ 25 J 

Accordingly, the other boundaries are given by: 
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Quadrant I (-25% to 0% Period): 
Lower bound = -F 3 (-%Period), 
Upper bound = -F 4 (-%Period); 

Quadrant 111 (25% to 50% Period) : 
Lower bound = F 4 (50 - %Period), 
Upper bound = F 3 (50 - %Period); and 

Quadrant IV (50% to 75% Period): 
io Lower bound = -F 3 (%Period • 50), 
Upper bound = -F 4 (%Period • 50). 

As also shown in Fig. 3, the solid line P 1 of Fig. 4 illustrates the linear combination of a triangular waveform and its 
cubic. More particularly, this profile is defined quadrant II by F 5 which is equal to 

100%[0.45(%Period/25) + 0.55(%Period/25)]. 

Accordingly, the solid line is defined in the other quadrants as follows: 

ro Quadrant I (-25% to 0% Period): 

-F 5 (-%Period); 

Quadrant III (25% to 50% Period): 
F 5 (50-%Period);and 

Quadrant IV (50% to 75% Period): 
-F 5 (%Period - 50). 

Fig. 5 illustrates yet another embodiment of a profile for the frequency deviation modulation which may be scaled 
x to fit within the outermost profile defined by F-, and F 2 as would be readily appreciated by those of skill in the art. 

Referring now to Fig. 6 a circuit embodiment for the SSCG 14 is described. The block diagrams are similar to sev- 
eral conventional phase locked loop (PLL) frequency synthesizer chips; however, a modulation section is added which 
includes a programmable modulation generator in several embodiments, or an analog modulation generator in other 
embodiments. The modulation is fed into a voltage controlled oscillator (VCO) or oscillator tank circuit to give the 
35 desired modulation index. 

The SSCG 14 may desirably be programmable via an l 2 C serial bus or select lines to allow variation of the centre 
frequency, maximum frequency deviation and modulation frequency. A single +5V supply, minimal external circuitry and 
a crystal will produce a TTL and CMOS compatible output with controlled rise and fall times. In addition, all inputs are 
standard TTL compatible. 

The following electrical characteristics (TABLE 2) and switching characteristics (TABLE 3) given below are also 
desirably met by the embodiments of the SSCG 14 to be compatible with conventional digital circuits or microproces- 
sors clock input requirements. 



TABLE 2 



Electrical Characteristics 


Characteristic 


Symbol 


Min 


Typ 


Max 


Units 


Load Capacitance 


c L 




30 


50 


pf 


Quiescent Supply Current 


Ice 






45 


mA 
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TABLE 3 



Switching Characteristics 


Characteristic 


Symbol 


Min 


Typ 


Max 


Units 


Output Rise (0.8V to 2.0V) and Fall Time (2.0V to 0.8V) 


hlH. VlL 


1 


2 


3 


ns 


Max Frequency Deviation 


AF max 


0 


100 


250 


kHz 


Modulating Frequency* 


^mod 


15 


30 


50 


kHz 



'Programmable via serial link. 



is Referring now to Fig. 6, Y1 22 is a piezoelectric crystal used with an oscillator circuit 24 to generate a stable clock 
pulse train or unmodulated clock signal. A first programmable counter 26 divides the unmodulated clock signal by an 
integer number (M). A voltage controlled oscillator 28 (VCO 1) generates an output clock signal that is proportional to 
the input voltage from a phase detector 30 through a filter 32. 

A second programmable counter 34 divides the signal from VCO 28 by an integer number (N). Counters 26 and 34 
so are the two inputs to phase detector 30. Phase detector 30 and filter 32 generate an analog signal that is proportional 
to the errors in phase between the first and second programmable counters 26. 34 respectively. Accordingly the output 
for phase detector 30 and filter 32 each represents the oscillator 24 frequency times N/M. when N and M are constant 
as they are in the embodiment of Fig. 6. VCO 28 is operated as in a standard phase locked loop circuit 

The spread spectrum modulation is introduced in this embodiment by a ROM 36 having stored therein modulation 
25 variation values that are fed into a digital to analog converter (DAC) 38. An up/down counter 40 is used to index the 
value of ROM 36, while a third programmable counter 42 sets the modulation frequency 

A second voltage controlled oscillator (VCO 2) 44 receives an input of the constant output from filter 32 plus the 
input from DAC 38. which varies the frequency of VCO 44 according to the changes in input from DAC 38 VCO 44 is 
connected through buffer 46 as the spread spectrum clock output. 
30 It will be apparent that the modulation can be brought to a known condition by setting up/down counter 40 Thus 
by resetting counter 40, the input to VCO 44 represents that for the start of a cycle and VCO 44 promptly adjusts to pro- 
vide a corresponding frequency. <- j , H 

A second implementation circuit suitable for synchronization is shown in Fig. 7. Element 50 is a reference fre- 
quency clock, which may be identical to the combination of elements 22 and 24 in the Fig. 6 embodiment Clock 50 
35 serves as a clock input to count-down counter 52. A second input on line 54 to counter 52 is a reset input 

Counter 52 receives number data from ROM table memory 56. which data is counted down once with each clock 
signal from clock 50 until counter 52 reaches zero and produces a signal on output line 58. That signal on line 58 is an 
input signal to up/down counter 60 and phase detector 62. 

Each count change of counter 60 produces a different output, which changes the address to ROM table 56 and 
thereby applies the count data at that address to counter 52. to again begin a count down to zero by counter 52 Sep- 
arately, when counter 60 is reset by a signal on line 54, it produces a signal on line 64 suitable as a reset signal of 
another spread spectrum clock circuit, which may be identical to that of Fig. 7. 

Phase detector 62 and the remaining elements of Fig. 7 are a standard phased locked loop. The second input to 
phase detector 62 is the output of voltage controlled oscillator 66 on line 68 divided by an integral number by a counter 
70. Phase detector 62 produces a signal proportional to the time difference between leading edges of the signal on line 
58 and the signal from counter 70. This output is smoothed by filter 72, as is conventional. 

Summarizing the operation, reference clock 50 steps down counter 52, which has been loaded by ROM table 56 
Thus, the number from table 56 defines a delay before counter 52 reaches zero and issues a signal on line 58 That 
signal is one input to phase detector 62. while a divided feedback from the output 68 of the phased locked loop is the 
so other. 

The signal from counter 52 on line 58 also steps up/down counter 60. The next status of counter 60 defines an out- 
put which selects the next location in ROM table 56, thereby entering a different number in counter 52 

When subsequent clock pulses decrement the new count in counter 52 to zero, the next signal is issued on line 58 
and the operations just recited are repeated. 
55 Assuming that the desired changes in frequency are not rapid and filter 72 readily passes changes correspondina 
to the frequency of those changes, the content of ROM table 56 can directly correspond to the desired change A very 
simplified and illustrative content might be 17 followed by 14. followed by 10, followed by 6. followed by 3 followed by 
0. These are addressed as counter 60 increases from 0 (which addresses the 17) to 5 (which addresses' the 0) after 
which counter 60 would decrement on the next count, so that the next count is 4 (which addresses the 3) 
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The interplay between the phase locked loop 62, 72, 66, and 70 to the content of the ROM table 56 may be opti- 
mized in various ways. If the inputs on line 58 may be relatively frequent with respect to the frequency band which filter 
72 passes, than the output does not closely follow individual changes. In that event the number contents in ROM table 
56 might differ somewhat in order to achieve the desired output through filter 72, although the gross-change in numbers 
5 in ROM table 56 would continue to correspond to the desired spread spectrum pattern. In such event the specific num- 
bers in ROM table 56 will be best determined empirically. 

Synchronization 

io In certain applications the clock timing may vary provided certain functions are synchronized to that varying pat- 
tern. In a laser printer, a laser beam is swept across a photoconductor as it is pulsed or not pulsed at the clock times. 
Those clock times may be in a spread spectrum without significant degradation of the printing if each sweep is synchro- 
nized to the same point in the spread spectrum. A similar problem exists for video displays created by electron beam 
sweep or similar sweeping. 

is The reset input on line 54 provides such synchronization. A start-of-sweep signal is conventionally available from 

a laser printhead (conventionally termed HSync). This HSync signal is applied to the line 54. That signal resets counter 
60 and counter 52 to zero. This immediately brings the frequency of pulses on line 58 to that defined by the counter 60 
being zero and then being stepped as described. Phase detector 62 immediately begins to change the frequency of 
VCO 66 if the other input to phase detector 62 represents a different phase. The resetting of counter 60 produces a sig- 

20 nal on line 64, which can reset a second spread spectrum clock circuit so that the two spread spectrum clock circuits 
are synchronized with themselves and with the input on the line 54. 

Fig. 8 is an alternative embodiment which eliminates the counter 70. Other elements are numbered the same as 
the corresponding elements in Fig. 7, as the other difference is in the content of ROM table 56. Since the reference 
clock is one of the two inputs to phase detector 62, the content of ROM table 56 must be adjusted accordingly. In prac- 

25 tice, the exact content of ROM table 56 will be best determined empirically. 

As would be readily understood by those skilled in the art, in an implementation of any of the circuits described 
herein in a physical package, several such spread spectrum clock generating circuits (SSCG's) may be found in the 
same DIP. In addition, a standard phase locked loop frequency synthesizer may also be located in the same DIP to pro- 
vide standard clock signals, if desired. The SSCG may also be included internally with a microprocessor or any other 

30 digital or analog circuit. 

Many modifications and other embodiments of the invention will come to the mind of one skilled in the art having 
the benefit of the teachings presented in the foregoing descriptions and the associated drawings. Therefore, it is to be 
understood that the invention is not to be limited to the specific embodiments disclosed, and that modifications and 
embodiments are intended to be included within the scope of the appended claims. 

35 

Claims 

1 . A clock controlled electronic device including a clock to provide spread spectrum clock signals, said clock compris- 
ing a reference frequency clock, a stored table of digital values, a counter to address said table at different counts 
40 of said counter, a voltage controlled oscillator having a control input, and means to receive said stored digital values 
addressed with each change of the count of said counter and to convert said received digital values to control sig- 
nals to said input of said voltage controlled oscillator, the output of said voltage controlled oscillator providing said 
spread spectrum clock signals. 

45 2. The clock controlled device as in claim 1 , further comprising a reset input to said counter to receive a reset signal 
to synchronize said spread spectrum clock signal with said reset signal. 

3. The clock controlled device as in claim 1 or 2, further comprising a phase locked loop, a second counter receiving 
signals from said reference frequency clock and providing a control input to said phase locked loop, and means to 

so combine a signal from said phase locked loop and from said converted signal, and to provide said combined signals 

as said control signal to said voltage controlled oscillator. 

4. A clock controlled electronic device including a clock to provide spread spectrum clock signals to said device, said 
clock comprising a reference frequency clock, a stored table of digital values, a first counter to address said table 

55 at different parts of said table determined by different counts of said first counter, a second counter to receive said 
stored digital values addressed with each change of the count of said first counter, means responsive to clock sig- 
nals of said reference frequency clock to step said second counter after said second counter receives each said 
digital value, a phase detector responsive to the difference in phase of two inputs to produce an output represent- 
ative of the phase difference of said two inputs of said phase detector, means responsive to said second counter 
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reaching a predetermined value to provide a control signal to step the count of said first counter and to provide one 
input to said phase detector, a voltage controlled, oscillator having an input receiving said output of said phase 
detector and an output connected to the second input of said phase detector to form a phase locked loop the out- 
put of said phase locked loop providing said spread spectrum clock signals. 

5. The clock controlled device of claim 4, further comprising a reset input to said first counter and to said second coun- 
ter to receive a reset signal to synchronize said spread spectrum clock signal with said reset signal. 

6. The clock controlled device of claim 4 or 5, in which said second counter receives said reference frequency clock 
signals and said one input of said phase detector is connected to be provided by said second counter reachina a 
predetermined value. 

7. The clock controlled device of claim 4, 5 or 6, in which said second counter is connected between said output of 
said voltage controlled oscillator and said second input of said phase detector, and said reference frequency clock 

is signals are connected to provide said one input of said phase detector. 

A clock circuit comprising clock means for producing a reference frequency clock signal and modulating means for 
generating a spread spectrum clock signal from said reference signal in accordance with a predetermined fre- 
quency deviation profile, said circuit further comprising reset means for resetting said modulating means so that 
said modulating means modulates said reference signal from a set point in said profile. 

Scanning means incoporating a clock circuit as defined in claim 8, wherein the reset means resets the modulatina 
means at the start of a scan. a 

A laser printhead incorporating a clock circuit as defined in claim 8, wherein the reset means resets the modulating 
means in accordance with a start-of-sweep signal. 
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